Abstract
Introduction 1 2
Radio Frequency Identification (RFID) technology is an interesting tool to satisfy traceability 3 requests of the plant sector; however, there are few published trials on testing and evaluating 4 plants integrated with electronic components. There is no information on production of 5 grafted cuttings in which a microchip is installed, and no reported data regarding effects of 6 microchip implementation on physiological properties. The RFID technology has been 7 successfully used in various commercial sectors from many years, in particular for logistics 8 and shop management, hospital patient identification and authentication, the transport sector, 9 electronic tickets, tribunals, animal identification and environmental monitoring. do not seem to affect growth; so far there is preliminary evidence only, on plants that tolerate 10 procedures similar to awl grafting. 11
In the grapevine sector, electronic marking by RFID technology was recently investigated to 12 design a system for tracing plants produced in nurseries, and for electronic management of 13 Transponder glass TAG RFID were used, 2.11 mm diameter and 12 mm length, working at 6 the frequency of 125 KHz (Intermedia Sas, Forlì, Italy; www.rfid360.net). TAGs where read 7 electronically 14-length identification number, and the reading was performed by a Card 8
Flash reader able to identify the microchip from a distance of 20 cm. Data recovery was 9 performed by a palm-PC (Dell Axim X51). 10
An online database was specially developed for matching TAGs to information datasheets for 11 users to manage the marked plants. The aim of system was to permit online access to 12 datasheets by users involved in the grapevine production line -from grapevine producer to 13 farmer -using the identification codes linked to TAGs. Datasheets and their access were 14 designed considering privacy policy, with regard to each type of user: considering that the 15 final user -the grapevine grower -could access all information regarding each single 16 purchased plant, while the pre-multiplication center or nursery could access only production 17 information. Thus, the editable fields of datasheets follow similar rules. 18
The online database for managing marked plants was developed by InterMedia Sas, and can 19 be found at the website (http://www.toscovit.it/) of Associazione Toscana Costitutori Viticoli 20 (Association of Tuscan Grapevine Constitutors, TOS.CO.VIT.), which owns the database. 21
The database is classified as a distributed Rich Internet Application (RIA system) and is 22 installed on a remote server, while Flash technology is used for clients. The main software 23 used is Java ™ and Adobe ® Flex ® . 24
The database was designed considering the relationship between users and products. To enter 1 inside the traceability of a line, a registered account is required for user identification. The 2 types of users are the pre-multiplication center, constitutor, nursery and farmer; and account 3 validation (by letter) is performed by TOS.CO.VIT. 4
The system was tested evaluating TAGs reliability after two years inside plants. Alpha testing 5
and Beta testing of database were performed. Alpha version was tested by developer and 6
Authors, while Beta version was distributed to panel of Tuscan grapevine constitutors, 7 nurseries and farmers, to test usability of database. Each version was tested using Microsoft where complete codes are reported. Codes can be digitally entered into the search field of the 22 database, and the datasheet is then shown, with all protagonists of the production line 23 registered. The code can be considered as an electronic identity card (eID) for each plant (not 24 only mother plants, i.e. www.certabasilicata.it), differently from traditional label that are not 1 placed on every single plant, but on groups of grapevines joined by laces. 2
There are different duties and privileges according to the kind of users. The pre-multiplication 3 center (Fig. 1) is the administrator of the database and can edit clone and rootstock files, and 4 match them using the TAG code. Thus, the code -linked to one microchip -is used to edit 5 the eID of each plant subsequently produced by the nursery. The grapevine grower (Fig. 3) , besides consulting cutting files, can use the TAG code to 4 access eID of plants bought, edit personal data fields, and manage whole marked plants (the 5 "virtual vineyards"). The eID is generated by files edited by the pre-multiplication center and the nursery that refer 5 to products -clones and rootstocks -and manufacturers, and eID provide genetic and 6 certification data. (Fig. 4) . This feature is an additional resource to conventional catalogues 7 provided by pre-multiplication centers and nurseries, or can even substitute for them. The 8 online access guaranteed by purchasing marked plants, allows digital delivery of documents 9 regarding clones or rootstock. This digital link between manufacturers and farmers is an 10 opportunity to establish a feedback relation to improve the eID considering different 11 experiences of farmers with the product. 
Personal database 1 2
The specific eID for each plant can be updated by the grapevine grower with farming data to 3 create a private "virtual vineyard" in which treatments performed, production, monitoring 4 programs, GPS coordinates and other data are archived (Fig. 4) . This function can help 5 farmers in vineyard history registering, formerly done by handwriting or simply "kept in 6 mind". To enhance this feature and make it user-friendly, considering the large number of 7 plants commonly grown in a vineyard, nursery workers and grapevine growers can access a 8 personal database -automatically created by the main database -in which all sold/purchased 9 plants are archived, for fast information recovery. This tool is essential for digital 10 nursery/vineyard management, because sensible data regarding marked plants can be added 11 easily to each eID, to constantly maintain up-to-date information about the user's vineyard. 12 Subjects in which a microchip is installed will be identified by a code, associated with the 23 microchip itself, and they can be located (with Geographical Information System) on a three-24 dimensional electronic map, recreating a "virtual vineyard". This system will be evaluated 25 experimentally, with the aim to achieve and optimize electronic mapping techniques in indoor 1 areas (i.e. screenhouses for grapevine collections, as reported in clonal selections procedures 2 for selecting clones of grapevine), and outdoor areas, such as nurseries and vineyards, 3 considering distinctive and unique properties of these different environments. This system is 4 being developed by the authors and will be able to remotely monitor vineyards, archive and 5 manage useful data associated with plants (i.e. identity, sanitary status, certification, and 6 cultural practices) particularly using technical and plant health files, and supply a durable, 7 safe and detailed vineyard information map. Another positive feature, useful mainly for 8 vineyard management, is the possibility of modifying the data files from the field, thus 9 upgrading and changing associated information of marked plants. 10 11
